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High Resolution Graphics for Sinclair ZX80/81_ 
and Timex 1000 Computers 


Introduction 


The enclosed plans describe a circuit which when properly 
assembled will provide 256 horizontal x 192 vertical bit mapped 
high resolution graphics (HRG) for Sinclair ZX80/81 type 
computers. Although a novice, with care, could assemble the 
circuit, it is more suitable for those who have had some wire 
Wrapping experience. At current prices (10/1/82) the board can 
be constructed for approx. $35. 00 to $40. 00. 

The circuit works equally well with ZX80, ZX81, and Timex 
1000 computers; with 1,2, or 16 K of RAM. However, because the 
boarc requires a full display file (768 characters) for address 
generation, the utility of a system with less than 16 K is 
questionable. The 6 K of HRG RAM (256 bits x 192 bits / 8 bits 
per byte = 6144 bytes = 6 K) resides in memory locatio ns 8192 
to 14335 (decimal), and is fully decoded. This insures there 
will be no interference with memcry or peripherals which are 
memory mapped elsewhere. The HRG memory can be both written and 
read at all times by the Z8C0A CPU. This makes it a possible 
location for machine code when high resolution graphics are not 
required. 

In addition to the 256 x 192 bit mapped graphics, the unit 
can also function as twelve seperate user programmable character 
generators. These can be substituted for the normal character 
generator contained in ROM. The selection between 256 x 192 
graphics, any one of the twelve character generators, or the 
normal display is accomplished in software. A single POKE 
instruction is all that is required. This same POKE instruction 
also sets up the graphics for FAST and SLOW modes (ncte ZX80 
graphics can only be displayed in FAST mode). Software program- 
ming is summarized in Table l. 

Employing all low power Schottky (LS) TTL circuits and 
normal HY6116-4 RAMs , the board requires an extra 100 ma from 
the 5 volt supply. For those with a 16 K RAM pack we suggest 
removal of the interior RAM IC(s) to balance this additional 
load. It was our experience to find after removing the 2114 
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type static RAMs a net decrease in the current by 150 ma. 
Therefore, even with the addition of the HRG board, the total 
current was approx. 50 ma. less than the factory configuration. 
This was noted by a cocler operating regulator. 


Assembly 


1. Cut the perfboard to 6" x 4". After completely removing the 
Sinclair circuit board from the cover , tape the perfboard to 
the cover. As shown in Figure 2, drill 4 holes to support the 
board with the 6-32 screws (No. 25 drill). BEFORE DRILLING, BE 
SURE THE KEYBOARD CCNNECTORS ARE NO T IN THE PATH OF THE DRILL. 
Mark the top of the board, and remove it from the cover. 


2, Mount the IC sockets to the board with a dab of fast setting 
epoxy cr silicon rubber sealant. A suggested configuration is 
given in Figure 2 ( note this is a bottom view). After all 
sockets have been mounted, set the board, aside to dry. 


3. Carefully file away a 1/16" slot on both the right and b ack 
sides of the cover, as illustrated in Figure 3. These s lots 
permit the 24 and 14 conductor ribbon cables to freely enter the 
case. 


4. After permitting the sockets to dry in place, begin wiring. 
We suggest the following sequence: 

A. Power lines ( +5 and Ground). P ower is taken from 
pins 12 and 24 of the 24 pin socket Sl ( +5 = pin 24, ground = 
pin 12). Use these pins as starting points. We suggest no more 
than four circuits on a single power line wire. 

_B, Data and Address Bus lines between S$ 1 and I Cs 1,2,3 and 
4. Each line makes only one connection per socket, as in @ 
standard bus configuration. Read this carefully: 

Pins 1 through ( and including) 17 and pane 2c cand: 24 
are connected between $1 and ICs 1,2,3,and 4 (pins 12 and 24 
should already have been wired since these are power pins). 

Pins 18,19,21, and 22 of Sl and ICl are connected 
between Sl and ICl only. 

Pins 19,20,21, and 22 of ICs 2,3, and 4 are connected 
between ICs 2,3, and 4 only. 

_C,. The 10K ohm resistor and 0.022 ufd capacitor on IC12. 
These can be located near IC12, wire wrapped, and soldered to 
the wire wrap wire to insure a good connection. 
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—Du The 800 to 1000 pf capacitor on ICll. This should be 
located as close as possible to ICll - soldering it to the pins 
of the socket is a good idea. Push it close to the perfboard so 
it will not interfere with subsequent connections. Stripping a 
piece of insulation from approx. 22 gauge wire and slipping it 
over the capacitor's leads insures against shorting. 

—i.. 0.1 ufd bypass capacitors. Place one capacitor on each 
of the power line circuits, between +5 and ground. Insulate 
and mount as desribed previously. 

—E.. Schematic Wiring. Follow the schematic, making each 
connection indicated. Note those signals which are obtained 
from S1 and those which are obtained from S2. Eight signals 
are brought_in through S2, these being A15,A14,A13,RFSH.WR, RD, 
MREQ, and HALT. A suggested method of obtaining these sig na ls 
is with the 14 pin DIP plug - socket comb ination. These 
connections will be described later. It is recommended after 
completing a connection,the trace on the schematic be overdrawn 
with a translucent marker (such as a Hi-Liter). In this manner, 
it is much less likely a connection will be skipped. 

F. DIP Plug Wiring. Strip approx. 1/8" from the 
first eight conductors of the single ended DIP plug jumper and 
tin them. Locate a corresponding plated through hole in the 
Sinclair circuit board which carries the appropriate signal w ith 
an ohmeter. Then carefully solder in the respective ribbon 
cable lead. Repeat until all eight conductors are in place. 
Take care to avoid solder bridges between traces. Recheck the 
DIP plug connections to insure the correct signals are received 
at 82. 

This completes the HRG board wiring. 


9. Remove the 24 pin Sinclair ROM from the socket in the 
Sinclair board. Place it in the socket for ICl on the HRG 
board. Plug the 24 pin DIP jumper into the computer board ROM 
socket so that the cable extends to the right. N ote which 
conductor is connected to pin 1 of the socket ( identified on 
top of jumper plug). 

6. Fasten four 6-32 screws in the cover with nuts. Snug these 
up tight. Place another nut on each screw, and thread it down 
approx. 1/4", 


7. Reassemble Sinclair board with cover. Watch spaci ng between 
ribbon cables and cover. Be sure to reinsert keyboard tails 
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into proper connectors. 
8. Reassemble computer case; top and bottom. 
9. Insert all ICs into their respective sockets of HRG board. 


10. Place HRG board on the four screw posts. Fasten with f our 
6-32 nuts. 


11.Insert DIP jumpers into Sl and S2 (note correct positioning 
of the jumper plugs). Plug in RAM pack if available. 


12. Apply power. 


HRG Board Operation 


After applying power, the computer will proceed with a RAM 
check followed by the appearance of the cursor in the lower left 
corner of the screen. This is provided the HRG board powers up 
in the normal mode (bit 5 of IC 10 must be low). If the board 
powers up in one of the graphics modes, the screen will be 
filled with some random pattern of dots, and possibly some 
totally black regions. At any time, to obtain the normal dis- 
play,type: POKE 15000,0 ENTER (note: you will not see this com- 
mand appear as alpha-numeric characters in the input line since 
the normal character generator in ROM is disabled in any graphic 
mode). If the board continues to power up in the graphics mode, 
you may want to replace IC 10 with another of the same type. 

To test the HRG board, POKE various values listed in Table 
1 into memory location 15000 (actually POKEing the values into 
any memory location located between 14336 and 15359 will work). 
Various graphics patterns will appear, depending upon the HRG 
board's mode and the computer's display setting (FAST or SLOW). 

As mentioned earlier, to obtain 256 x 192 graphics a com- 
plete display file of 768 characters must be established. [In 
addition, the display file must be set up so that an orderly 
sequence of character codes is established. Rather than attempt 
to explain (or confuse) this arrangement, type in Listing 1, run 
it, and observe the display after its completion. Now insert 
line 42 and rerun the program. A more random bit pattern, with 
no totally black regions , should appear. This signifies all 
graphics memory locations are being addressed during display 
(except the last two character lines). Return to the normal 
mode with POKE 15000,0. 
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Although this necessity for setting up the display file 
appears cumbersome, it also has its advantages. For example, 
by simply setting bit 7 high of any character in the display 
file, an inverse image will be generated (white on black). 

Also, setting bit 6 high in any line of a display file HALTS the 
processor from displaying anything to the right of this charac- 
ter in this line. Most advantageous, however, is the ability to 
specify a 64 bit image with only 8 bits of data ; thereby making 
image movement and replacement easier and faster. 

When operating in the programmable character generator 
mode, no special display file needs to be set up. The character 
generation mode implies that various codes input into the dis- 
play file will result in a custom character being displayed. 


Memory Map 


A map of HRG memory as it is displayed appears in Figure 4. 
For every HRG memory byte, bit 7 is displayed nearest the left 
and bit 0 nearest the right. A register pair (HL,DE, or BC) 
decoding scheme for determing a particular bit to be addressed 
is given in Appendix 1. This manner of memory addressing is 
based on Sinclair character generation, where eight sequential 
bytes define a particular character. In fact, by simply copying 
the last 512 bytes of the Sinclair ROM into the HRG RAM, the 
normal character set con be displayed in the high resolution 
graphics or programmable character generation modes. 


Programming 


A BASIC program which clears HRG memory, establishes the 
display file, and permits decimal entry and plotting of individ- 
ual points is given in Listing 2. X=0,Y=0 is located at the 
upper left of the screen, while X=255 sve 191 is at the lower 
right. Run the program, enter two numbers , and observe the 
display. Due to the INPUT statement it appears as if Y only 
extends to 175. However, replacing the INPUT statement with 
PAUSE leaves the display file unaltered and enables 192 lines to 
be displayed. To plot another point, press ENTER, and put in 
two new values. Enter STOP to exit the program. Try the pro- 
gram in different modes. Instead of entering X and Y manually , 
set up an equation with Y equal to some function of X, with X 
auto incrementing. 


(5) 


VALI ADVANCED INTERFACE DESIGNS 


P.O. Box 1350 State College, PA 16801 


Machine code to do the same, but much faster, is presented 
in Listing: 3 along with a BASIC program to enter Ache Type 2m 
the BASIC portion, with 100 spaces in the lst REM statement 
(this is where the machine code will be placed). RUN the pro- 
gram, and enter the decimal code Cexactly!). After entering 
the decimal code, exit the program by inputting any non-numeric 
character. Relist the program (the lst REM statement will now 
be filled) and delete lines 2 through 99. Rerun the program and 
enter values for X and Y. Note the appearance of a single dot 
on the screen. Continue by pressing ENTER. As before, the 
INPUT statement can be replaced with a PAUSE statement to pro- 
vide a full 192 lines of HRG display. 

The first REM statement containing the machine code should 
be saved on tape. It can then be incorporated as the first line 
in any program employing the HRG display. Call the appropriate 
routines throughout a BASIC programs with USR statements. 

Routine addresses in the lst REM statement are given below: 


16520 : Sets or resets a single bit in HRG memory. 
Before calling this routine, the value of X 
(0 to 255) must be POKEd into location 16515 
and the value of Y must be POKEd into location 
16516. Location 16517 should be POKEd with 
the value 1 to set a bit, and the value 0 to 
reset (clear) a bit. 


16565 : Clears HRG memory (display). 


16580 : Sets up the Display File for 256 x 192 bit 
mapped graphics. 
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Listing 3 
1 REM 


2 REM MACHINE CODE ENTRY 
5 FAST 
10 LET S = 0 
15 FOR I = 16520 TO 16611 
20 PRINT AT 10,1;"INPUT CODE FOR ADDRESS ";I 
25 INPUT M 
30 POKE I,M 
35 LET S = S+M 
4O NEXT I 
45 IF § = 7373 THEN STOP 
50 PRINT "BAD ENTRY" 
55 GOTO 5 
99 REM END CODE ENTRY 
100 FAST 
105 REM CLEAR HRG MEMORY 
110 RAND USR 16565 
115 CLS 
120 PRINT "INPUT X" 
125 INPUT xX 
130 PRINT "INPUT Y" 
135 INPUT Y 
140 REM PUT X INTO 16515, PUT Y INTO 16516,PUT 
1 INTO: 16517 TO SET A BIT 
145 POKE 16515,X 
150 POKE 16516,Y 
155 POKE 16517,1 
160 REM SET UP DISPLAY FILE 
165 RAND USR 16580 
170 REM SET POINT 
175 RAND USR 16520 
180 REM SELECT 256 X 192 GRAPHICS 
185 POKE 15000, 34 
190 INPUT BS 
195 REM RESTORE NORMAL DISPLAY 
200 POKE 15000,0 
205 GOTO 115 
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Listing 1 
FAST 
CLS 
FOR. Dee 2 TOM LE 
FOR J = 0 TO 63 
PRINT CHRS J; 
NEXT J 
NEXT I 
STOP 


POKE 15000,34 


Listing 2 


FAST 

REM CLEAR HRG MEMORY 
FOR I = 8192 TO 14335 
POKE I,0 

NEXT I 

REM SET UP DISPLAY FILE 
CLS 

FOR I =-1.T0. 11 

FOR J = 0 TO 63 

PRINT CHRS J; 

NEXT J 

NEXT I 

INPUT X 

INPUT Y 

REM CC = CHARACTER COLUMN 
LET CC SINT (X78) 

REM BC = BIT COLUMN 
GET. BCS -X = CC Z 8 
REM CR = CHARACTER ROW 
LET CR ‘= INT (Y/9) 

REM BR = BIT ROW 

LET BR = Y - CR x 8 


DESIGINS 


REM ADR = BYTE ADDRESS IN HRG MEMORY 
LET ADR -s-$102-+ CR x 256.4. Go-x: 6% BR 


POKE ADR,2xx(7-BC) 
POKE 15000, 34 
INPUT BS 

POKE 15000,0 

GOTO 60 
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Listing 3, Continued 
Machine Code 


ADDR DATA ADDR DATA ADDR DATA ADDR DATA ADDR DA 
16520 42 16540 15 16560 126 16580 42 16600 35 


131 15 168 12 112 
64 198 119 64 4 
62 32 201 17 13 

7 103 0 118 32 

165 62 1 12 250 
71 1 0 115 35 
62 4 24 1 115 

248 15 33 32 21 

165 5 0 0 32 

Lil 32 32 35 232 
62 252 17 112 201 

7 71 ai 4 0 

164 182 32 13 0 

133 119 54 32 0 

111 58 0 250. 0 
62 133 237 35 0 

248 64 176 115 0 

164 167 201 14 0 
15 192 0 32 0 

Table 1 


Software Programming (POKE 15000,N) 


MODE : SLOW FAST 
N N 

FUNCTION 

NORMAL 0 0 
HR GRAPHICS he 34 
1ST CHAR. GEN. 116 52 
2ND* -" . bd 53 
SRD a 118 54 
uTH . Bm) 55 
ye ae . £20 56 
a if 121 57 
i's as - L22 58 
8TH =" " 123 59 
iy hi En ad 124 60 
LOTH * q 128 61 
Bs " 126 62 
BO Mi x 127 63 
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LCs Qty 
3 
2 
2 
es 
ny 
1: 
2 
i 
Resistor 1 
Capac. 1 
1 
uy 
Sockets 5 
5 
5 
iL 
DIP Plugs 1 
1 
Mise 1 
7 
12 
50! 
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COMPONENT LIST 


Type 
HM 6116. om TMM 2016 

74LS138 

74LS157 

74L5 19 7 

74LS 123 

7T4LS 374 

7T4LS 08 

7T4LS:32 


10 K ohm 


0.022 ufd 
800 to 1000 pf 
0.1 ufd 


14 pin 
16 pin 
24 pin 
20 pin 


14 pin 
24 pin 


6" X yt 

Geo ot a COC ake a 
6-32 nuts 

Wire Wrap Wire 


Description 
2KX8 RAM (200 ns or better) 
3 TO 8 LINE DECODERS 
QUAD 2 TO 1 LINE DATA SELECT 
PRESETTABLE BINARY COUNTER 


‘DUAL RETRIG MONOSTBL MULTVB 


OCTAL D TYPE FLIP-FLOPS 
QUAD 2 INPUT AND GATES 
QUAD 2 INPUT NOR GATES 


1/4 watt, 5% tol. 
Mylar or Polyester (not disc) 
Ceramic or Mica 


Ceramic Dise 


Wire Wrap 
"W " 


Single ended, 6" long 
Double ended, 12" long 


Perfboard, 0.1" hole spacing 
Machine Screw (2" for ZX80) 
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Appendix 1 
To understand the process involved in addressing a single 
bit in HRG memory, the following example is presented: 
xX = L142 ¥ = 57 


Writing X and Y in binary format: 


; 7 2 4 32 2 
ge Fee F2 27727728 
X= 142 >10001L1L10 Y=s57=00121t21001 
charac. col. bit col. charac. row bit row 
To construct a 16 bit address which is compatable with the 
HRG memory map, the bits are rearranged.as follows: 
iS i 1] i2 jj wo 49 7 6 5 A 3 a2 4 o 
a2222 8298. Se FoeF F292 
O00g00g0 0111 1o0oo0q1l00t1 
LA ee — 
charac. row charac. col. “bit row 
Since the HRG memory begins at 8192 (decimal), which = a 5 this 


value must be added to the above address, giving: 
0010002121. 10001.0.02 = 10121 (decimal) 
Therefore, 10121 is the HRG memory byte which is to be addressed, 
7 minus the bit column value specifies the data bit in this byte 
which is to be set or reset. In this case the bit column value 
equals 6 (110). The bit to be operated on is: 


d= 6 2 1 = Dy 
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Appendix 2 
Circuit Description 
Overall HRG. Board Operation 


The last 512 bytes of the Sinclair ROM contain the charac- 
ter generator. Each character is composed of 8 lines, each 
containing 8 bits of pixels ( one byte). Therefore, the charac- 
ter generator in the Sinclair system can produce 512 / 8 = 64 
distinct characters. The function of the HRG board is to 
replace the character generator contained in ROM with user pro-= 
grammable character generators contained in RAM. 

In order to generate bit mapped graphics, allowing any sing- 
le point to be set or reset, the problem becomes one of provid- 
ing a seperate character for each character location in the dis- 
Play. The number of character locations in the Sinclair display 
= 32 x 24 = 768. Hence the HRG system requires 768 characters 
/ 64 characters per character generator = 12 character genera- 
tors. This is also equivalent to 12 x 512 = 6144 bytes of HRG 
RAM. 

By enabling each one of the 12 seperate character generators 
in a precise manner, the bit mapped image is generated in place 
of the normal Sinclair images. It is important to realize that 
part of the sequential enabling depends on the data which is 
contained in the display file. Therefore the display file must 
be set up in an erderly arrangement to produce the correct dis- 
play ( 0 in the display file calls the lst character in each 
character generator, 1 calls the 2nd character, etc.) 

As the bit mapped graphics are produced via the character 
generation method, a useful feature becomes apparent. By 
"stopping" the HRG hardware from sequéntially enabling all of 
the 12 character generators,a single character generator can be 
Made to replace the Sinclair character generator throughout the 


entire display. In this way, lower case letters, other alpha- 
bets, or symbols can be made to appear in place of the normal 
ore ; ; 3 : 

einclair characters. This works in the Opposite way, also. If 


a Standard character is required in the HRG display (for example 
labelling of graphs) then the appropriate 8 bytes of character 
generation data contained in the Sinclair ROM can be directly 
copied into the HRG RAM to produce this standard character. 


The Details 


The following paragraphs desribe the operation of the HRG board. 
In order to fully understand how the Sinclair system generates 
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images we recommend David Ornstein's article entitled "The ZX80/ 
81 Video Display System" in the March/April 1982 issue of SYNC 
magazine and Ian Logan's 8K ROM Disassembly (Part A). The 
system is briefly summarized below. 

A full Sinclair display file consists of 793 bytes. The 
first byte is "118" (decimal), followed by 32 bytes of character 
data, then another "118". Each subsequent line follows the same 
pattern; 32 bytes of character data followed by a "118". During 
this time the Z80A processor is addressing the display file 
in an instruction fetch. However, as long as bit 6 in each char- 
acter data byte is low, this data byte is not read by the pro- 
cessor. Instead the NOP instruction "0" is forced onto the pro- 
eessor's data bus. Therefore, during most of the display the 
processor is executing NOPs. 

At the same time, the character byte which was addressed-by 
the processor is latched in the Sinclair Logic Unit (SLU). Six 
bits (D, to D,) of this byte are used as part of the character 
generator address (A. to A3;). Bit 6 is kept low (as mentioned 
previously) until the "Tigi instruction is read ("118" = 
01110110 binary). Bit 7 permits inversion of the characters 
contrast. 

A, to A, of the character generator address are generated 
within the SLU. These three bits specify which of the eight 
rows of each character are to be output from the character gen- 
erator. Note, these signals do not appear on. the normal bus but 
only between the SLU and ROM. The high address bits (A, to A,=) 
for the character generator addresS are provided by the os regis- 
ter within the Z80A processor. These normally select the last 
512 bytes in ROM. 

The character generator address is applied to the ROM dur- 
ing a RFSH cycle. At this time the ROM outputs a character row 
byte, which is parallel latched in an 8 bit shift register with- 
in the SLU. This data is then serially bit shifted out as videa 
information. 

When the "118"-data byte is addressed by the processor at 
the end of each line, bit 6 goes high. This permits the pro- 
cessor to execute this "HALT" instruction. The processor will 
remain in the HALT state until it is interrupted. The interrupt 
occurs when address line A, goes low during the RFSH operation 
(which the .Z80A processor continues to provide even though it is 
in the HALT state). The R register, which is output on A, to A. 
during a RFSH, is loaded so as to create the interrrupt at the 
proper time. Upon interruption, the processor executes a series 
of instructions. This provides a horizontal syne output Capprox 
6 usec width) at the end of each row or a vertical syne pulse 
(approx. 400 usec width) if a full display has been generated. 

Following the vertical syne output, the Z80A program 
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counter is reset to the beginning of the display file and the 
process is repeated. Actually, there are several blank lines 
output after the vertical sync pulse to insure the display 
appears near the center of the screen. 

As described previously, the HRG RAM replaces the character 
generator contained in ROM. In order to create bit mapped 
pixels this must be done in an orderly manner. Monostable 
multivibrator IC 12 initializes the row counter IC 11 at the 
beginning of each frame. It does this by sensing the time be- 
tween HALT events. During row display, a HALT occurs approx. 
every 65 usec, whereas the time between HALT events increases 
to approx. 200 usec for a vertical syne pulse. IC 11 is then 
loaded with the proper number of blank lines before the display 
is output ( this varies between FAST and SLOW modes). The 
output Q of IC 12 also initializes the RAM select binary counter 
Ic 9. IC 9 is loaded with the corresponding data latched into 
Ic 10. For HRG operation, this is 0010 in FAST and 0011 in SLOW 
modes (binary). In either mode, however, at the instant the dis- 
Play starts outputting video information, IC 9 will contain 0100 
for a HRG display. This selects the first character generator 
in HRG RAM through IC 7. IC 7 functions as a RAM chip select 
decoder. ICs 6 and 8 serve as multiplexers which permit en- 
abling of ROM or HRG RAM during RFSH, RD, or WR operations. 

As the rows of bit mapped character data are displayed, Ic 
ll is clocked by the HALT signal generated by the HALT instruc- 
tion executed at the end of each row. Because IC ll is a full 4 
bit binary counter, it takes 16 HALT signals - corresponding to - 
16 rows- to complete one full cycle. 16 rows is equivalent to 
2 full lines of characters = 64 characters. This is precisely 
when a new character generator must be selected, and is accomp- 
lished by applying the Qpoutput of IC 11 to the clock input of 
of binary counter Ic 9 (through OR gate IC 13). Therefore, upon 
advancing, IC 9 enables a new section of 2K x 8 HRG RAM through 
Q. and Qe or a different HRG PAM chip with Gf and 0's) . 

IC 10 is an eight bit edge triggered flip flop which 
latches programming data. Bit 5 enables/disables the HRC board 
through the chip select on IC 7 and the A. input on IC 6 (when 
bit 5 is high HRG is enabled). Bit 4 enables clocking of the 
HRG RAM select counter (IC 9) through IC 13 when it is set low. 
When set high, however, only one section of HRG RAM is enabled 
throughout the entire display. This is specified by bits 0 
through 3 of IC 10 when loaded during the vertical sync output 
(Q) of IC 12. Therefore a single user programmable character 
generator can replace the one contained in ROM when bit 4 is 
set high. Bit 6 is set or reset depending on FAST or SLOW 
modes for proper display formatting. Bit 7 is unused. 
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Ic 5 functions as a ROM/HRG RAM memory decoder. In this 
manner ROM is only enabled between 0 to 8191 and HRG RAM is 
enabled between 8192 to 14335 for normal RD/WR operations. 
Writing to locations between 14336 to 16383 stobes data into 
Ic 19. Notice, as IC 10 is only altered with a WR operation, 
this area of memory is available for 2K of EPROM (which requires 


only RD). 
ICs 13 and 14 are simple gates which provide necessary com- 
binations of control signals. These signals are self evident. 
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